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http://dx.doi.org/10.1016/j.pedneo.2Background: The effectiveness of education programs for pediatric patients receiving oral
antibiotic suspension was unclear.
Methods: When pediatric patients were prescribed antibiotics in powder form for suspension
at the outpatient clinic of a university hospital, the responsible 150 caregivers were consecu-
tively allocated into three education programs: Group 1 subjects read the package insert;
Group 2 read a photograph-designed educational sheet; and Group 3 received a face-to-face
medication education from a pharmacist with the photograph-designed educational sheet.
The effectiveness of the three education programs for pediatric patients’ caregivers was eval-
uated using a questionnaire comprised of 12 questions.
Results: The proportions of the caregivers in Groups 1, 2 and 3 who answered the question-
naire perfectly with 100% accuracy were 2%, 14% and 74%, respectively (p< 0.001). The mean-
s standard deviations of the overall time spent by the caregivers in Groups 1, 2 and 3 were
353 135, 334.2 115.1, and 281.4 114 seconds, respectively (pZ 0.013). Clearly, the phar-
macist’s face-to-face mediation education program provided effective and time-saving medi-
cation instructions for pediatric oral antibiotics. The specific questions regarding easy-to-make
errors related to the reconstitution step (p < 0.001), water volume for reconstitution
(p< 0.001), storage temperature (pZ 0.004) and shelf life (pZ 0.002) of stock powder,ad, Section 1, 13F, Zhongzheng District, Taipei 10051, Taiwan.
(L.-J. Shen).
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Education about oral antibiotic suspension 35whether the drug should be taken before or after a meal (p< 0.001), and the method and
volume for syrup measurement (p< 0.001).
Conclusion: This study demonstrated that when compared to reading a package insert or
education sheet, a pharmacist’s verbal education with photographic education materials
was significantly more effective and time-saving in providing caregivers with the correct
knowledge of oral antibiotic suspensions in pediatrics.
Copyright ª 2012, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
The World Health Organization (WHO), the European Union
(EU), and the US Food and Drug Administration (FDA) have
expressed concerns about the availability of child-
appropriate drugs.1e3 Presently, more drugs are available
in various oral formulations to improve the safety and
convenience for pediatric use.4e6 Liquid medications are
considered to be the most appropriate formulations for
pediatric drugs.6 Yet, some oral liquid drugs are manufac-
tured in a powder form and reconstituted into suspension
before use because of a stability issue.7 The rate of
parental error in dosing liquid medications has been re-
ported to be as high as 63%, even after receiving verbal
instructions.8 The process of reconstituting medications
from powder to liquid form would be expected to cause
more errors than dosing with ready-to-use liquid drugs.
Errors could occur with regard to the reconstitution
process, the volume and temperature of the reconstituted
liquid, the medication shelf life, storage conditions and
accurate dosing. Adherence to recommended medical
regimens for children is affected by parental perception of
medications.9,10 To avoid such errors, the reconstitution of
medication is done by pharmacists in some developed
countries, such as the USA and Finland. However, it is done
by patients or parents themselves in most Asian countries
because there is limited manpower in the hospital phar-
macies. Therefore, educating parents/caregivers about
how to prepare liquid medications from powders properly
and administrate drugs accurately is crucial to the efficacy
and safety of medication in pediatric patients.
Most oral antibiotics for pediatric outpatients are manu-
factured in powder form, and so require reconstitution into
oral suspensions, for example amoxicillin, amoxicillin and
clavulanic acid, cephalexin, cefuroxime, and azithromycin,
etc. Caregivers must reconstitute these antibiotics before
giving them to sick children. Currently, there are limited
reports assessing the accuracy of antibiotic use in this setting.
An important way to reducing the chance of error is to
provide caregivers of pediatric patients with the correct
knowledge about preparing and administering such medi-
cations. However, delivering effective, time-saving medi-
cation education to parents/caregivers is a challenge to
a university hospital with over 5000 outpatient visits per day,
of whom about 10% are pediatric patients. Hence, this study
aimed to compare the effectiveness of three different
medication education programs administered by pharma-
cists to the parents/caregivers of pediatric patients.2. Methods
2.1. Participants
This study was approved by the Research Ethics Committee
of National Taiwan University Hospital. When a pediatric
patient was prescribed Augmentin Syrup 457 mg/5 mL
(GlaxoSmithKline, West Sussex, UK) or Zithromax Powder
for Oral Suspension 200 mg/5 mL (Pfizer, Borgo San Michele,
Italy) for the first time at the National Taiwan University
Hospital, their caregiver was recruited for this study. These
two specific drugs were selected because of their different
characteristics in reconstitution steps, water volume,
storage temperature, shelf life, and measurement method,
and thus the results of this study could be applied to most
medications. Caregivers who could not read and understand
Chinese were excluded. A total of 150 caregivers of
consecutive pediatric patients were enrolled from April to
December 2008. All the enrolled caregivers gave written
informed consent.
2.2. Study design
The 150 enrolled caregivers were consecutively allocated
into the following three intervention groups:
(1) Group 1 (package insert): The caregivers read the
package inserts or the instructions printed on the drug
box by themselves.
(2) Group 2 (educational sheet with photographs): The
caregivers read the Chinese-language educational sheet
for the drug provided by the Department of Pharmacy,
National Taiwan University Hospital, by themselves. The
educational sheet contains colorful photographs for
reconstitution steps, illustrations of storage require-
ment, relationship between foods and the drug, and
other special instructions. The educational sheets for
Augmentin Syrup and Zithromax Powder for Oral
Suspension are shown inFigures 1 and2, respectively. The
original educational sheets were written in Chinese, but
they were translated from Chinese to English by the
authors for publication and communication.
(3) Group 3 (pharmacist’s face-to-face education with the
educational sheet including photographs): The care-
givers received the same educational sheet with
photographs used in Group 2 and an additional in-person
pharmacist consultation. A pharmacist explained how to
Figure 1 A photograph-designed educational sheet for Augmentin Syrup, containing color photographs of each reconstitution
step and instructions for Augmentin Syrup use.
Figure 2 A photograph-designed educational sheet of Zithromax Powder for Oral Suspension, containing color photographs of
each reconstitution step and instructions for Zithromax Powder for Oral Suspension use.
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storage requirement, relationship between foods and
the drug, and any other special instructions.
Among the 150 enrolled caregivers, 90 pediatric
patients received Augmentin, of whom 30 were assigned to
each of the above three intervention groups, whereas the
other 60 received Zithromax, with 20 in each of the three
groups.
After receiving specific educational interventions in the
outpatient clinics, the caregivers were asked to complete
the same written questionnaire of 12 questions about the
reconstitution, storage, and administration of the drug. To
ensure that all caregivers completely understood the 12
questions irrespective of other factors (e.g., literacy, time
pressure, noise from the children) and to mimic the real-
world situations, all the questions were read out and well
explained (if needed) and the answers from caregivers were
recorded by the pharmacist. The time spent for the assigned
educational intervention and for any further explanations
was measured by the pharmacist using a stopwatch and then
recorded to evaluate the efficiency. The time that the
pharmacist spent with each caregiver for clarifying the 12
questions, correcting the answers, and providing any addi-
tional consultation during the process of answering the
questionnaire was designated as the “confirmation time”.
The overall time was the sum of the education time and the
confirmation time. The number of correctly answered items
of each caregiver was determined to be their score. The
ages and genders of the patient and the caregiver, educa-
tional level of the caregiver, and relationship between the
patient and the caregiver were also recorded.Table 1 Characteristics of patients and caregivers.
Variable All
(nZ 150)
Group 1
(nZ 50)
Patient age (y) 3.65 2.00 3.62 2.00
Patient gender:
Male 77 (51) 26 (52)
Female 73 (49) 24 (48)
Caregiver age (y) 37.3 8.0 36.4 7.6
Caregiver gender:
Male 31 (21) 12 (24)
Female 119 (79) 38 (76)
Caregiver educational level:
Graduate school 18 (12) 6 (12)
University 96 (64) 31 (62)
Senior high school 30 (20) 12 (24)
Junior high school 3 (2) 0 (0)
Elementary school 3 (2) 1 (2)
Relationship of caregiver to patient:
Father 28 (19) 12 (24)
Mother 110 (73) 34 (68)
Other 12 ( 8) 4 (8)
Study drug
Augmentin 90 (60) 30 (60)
Zithromax 60 (40) 20 (40)
Data are presented as mean standard deviation (SD) or n (%). Group 1
education.2.3. Questionnaire
As presented in Table 3, the examination questionnaire
included 12 critical questions on the reconstitution, storage
and administration of the study drug. This questionnaire
was reviewed by six pharmacy experts as having a good
content validity of 0.94.11 Similar to an examination, the
correct answer to each question was given 1 point. Each
caregiver obtained a total score of the questionnaire by
summing the scores of the 12 questions. Thus, the perfect
score for the questionnaire was 12.2.4. Statistical analysis
Statistical analyses were performed using the statistical
software SPSS 11.0 (SPSS Inc., Chicago, IL, USA) and
R 2.11.1 (R Foundation for Statistical Computing, Vienna,
Austria). Two-sided p value 0.05 was considered statisti-
cally significant. Continuous data were presented by
mean standard deviation (SD), whereas categorical data
were presented as numbers (% of patients or caregivers).
Comparisons between groups were made using one-way
analysis of variance (ANOVA) for continuous data and the
c2 test or Fisher’s exact test for categorical data. Scheffe’s
method was used for post hoc comparisons if one-way
ANOVA yielded statistical significance. Multivariate anal-
ysis was conducted by fitting linear and logistic regression
models to identify important predictors of mean total score
and chance of having a perfect score (i.e., scoreZ 12),
respectively. All the available covariates, including age and
gender of patient and caregiver, educational level ofGroup 2
(nZ 50)
Group 3
(nZ 50)
p
3.65 1.94 3.68 2.11 0.988
25 (50) 26 (52) 0.974
25 (50) 24 (48)
36.5 6.5 38.9 9.4 0.206
11 (22) 8 (16) 0.589
39 (78) 42 (84)
5 (10) 7 (14) 0.829
34 (68) 31 (62)
9 (18) 9 (18)
2 (4) 1 (2)
0 (0) 2 (4)
10 (20) 6 (12) 0.569
37 (74) 39 (78)
3 (6) 5 (10)
30 (60) 30 (60) 1.0
20 (40) 20 (40)
: Package insert; Group 2: Educational sheet; Group 3: Pharmacist
Table 2 Time (in seconds) needed to complete each part of the study and the score.
Variable All
(nZ 150)
Group 1
(nZ 50)
Group 2
(nZ 50)
Group 3
(nZ 50)
p Post-hoc test p< 0.05
Time (s)
Intervention time 99.3 44.9
(nZ 50)
95.0 49.9
(nZ 50)
85.4 35.8
(nZ 50)
117.3 42.5
(nZ 50)
0.001 1e3, 2e3
Confirmation time 224.3 115.8
(nZ 144)
261.0 124.0
(nZ 48)
247.6 102.6
(nZ 48)
164.4 96.5
(nZ 48)
<0.001 1e3, 2e3
Overall time 322.9 124.6
(nZ 144)
353.0 135.0
(nZ 48)
334.2 115.1
(nZ 48)
281.4 114.0
(nZ 48)
0.013 1e3
Score 10.33 1.62 8.96 1.59 10.32 1.15 11.72 0.50 <0.001 1e2, 2e3, 1e3
Data are presented as mean standard deviation (SD). Group 1: Package insert; Group 2: Educational sheet; Group 3: Pharmacist
education. Scheffe’s method was used for post-hoc comparisons. In post-hoc tests, 1e2, 1e3 and 2e3 stand for Group 1 versus Group 2,
Group 1 versus Group 3, and Group 2 versus Group 3, respectively.
38 H. Hu et alcaregiver, relationships between patient and their care-
giver, intervention groups, intervention time, and confir-
mation time, were considered in regression analyses. Since
the two study drugs had different characteristics in
reconstitution steps, water volume, storage temperature,
shelf life, and measurement method, linear and logistic
regression analyses were done for each study drug
separately.
In our regression analyses, basic model-fitting tech-
niques for (1) variable selection, (2) goodness-of-fit (GOF)
assessment, and (3) regression diagnostics were used to
ensure the quality of analysis results. Specifically, the
candidate final regression model was obtained by applying
the stepwise variable selection procedure (with iterations
between the forward and backward steps), in which both
the significance levels for entry (SLE) and stay (SLS) were
set to 0.15 or larger. Then, with the aid of substantive
knowledge, the best final regression model was identifiedTable 3 Accuracy of medication knowledge among different in
Question All
(nZ 150)
(1) Water temperature for reconstitution 144 (96.0)
(2) Reconstitution step 112 (74.7)
(3) Water volume for reconstitution 126 (84.0)
(4) Whether the caregiver should shake the
bottle well after adding water
149 (99.3)
(5) Whether the caregiver should reconstitute
only one bottle at a time
148 (98.7)
(6) Storage temperature of stock powder 140 (93.3)
(7) Shelf life of stock powder 95 (63.3)
(8) Storage temperature of reconstituted syrup 145 (96.7)
(9) Shelf life of reconstituted syrup 130 (86.7)
(10) Whether the drug should be taken
before or after meal (or either)
98 (65.3)
(11) Whether the caregiver should
shake the bottle well before use.
148 (98.7)
(12) Method and volume of syrup measurement 115 (76.7)
Perfect score (i.e., scoreZ 12) 45 (30.0)
Results were presented as n (%). Group 1: Package insert; Group 2: Emanually by dropping the covariates with p> 0.05 one at
a time until all regression coefficients were significantly
different from 0. Both the GOF measures, including the
coefficient of determination R2 (for linear regression
model), adjusted generalized R2, and estimated area under
the receiver operating characteristic (ROC) curve (for
logistic regression model), and the HosmereLemeshow GOF
test (for logistic regression model) were examined to assess
the GOF of the fitted regression models. Yet, the value of
the adjusted generalized R2 for logistic regression model is
usually lowd in our experience, adjusted generalized R2 
0.30 indicates an acceptable fit for logistic regression
model. Larger p values of the HosmereLemeshow GOF test
indicate better fits of logistic regression model. When
a separation (i.e., high discrimination) problem occurred in
logistic regression analysis, the exact logistic regression
method would be used. Generalized additive models (GAM)
were applied to detect nonlinear effects of continuoustervention groups.
Group 1
(nZ 50)
Group 2
(nZ 50)
Group 3
(nZ 50)
p
47 (94) 47 (94) 50 (100) 0.247
25 (50) 37 (74) 50 (100) <0.001
36 (72) 40 (80) 50 (100) <0.001
49 (98) 50 (100) 50 (100) 1
50 (100) 48 (96) 50 (100) 0.329
42 (84) 48 (96) 50 (100) 0.004
23 (46) 32 (64) 40 (80) 0.002
49 (98) 46 (92) 50 (100) 0.128
40 (80) 42 (84) 48 (96) 0.050
11 (22) 39 (78) 48 (96) <0.001
49 (98) 49 (98) 50 (100) 1.0
27 (54) 38 (76) 50 (100) <0.001
1 (2) 7 (14) 37 (74) <0.001
ducational sheet; Group 3: Pharmacist education.
Education about oral antibiotic suspension 39covariates or to discretize them. Finally, the statistical
tools for regression diagnostics such as residual analysis,
detection of influential cases, and check for multi-
collinearity were used to discover model or data problems.
3. Results
3.1. Characteristics of subjects
The characteristics of the enrolled pediatric patients and
their caregivers are displayed in Table 1. Most caregivers
were well-educated mothers of 36.4e38.9 years old. There
were no statistically significant differences in those char-
acteristics among the three intervention groups.
3.2. Time needed for each part of the study
As shown in Table 2, the average educational intervention
time was significantly longer in Group 3 than that in Groups
1 and 2, i.e., 117 seconds versus 95 seconds and 85 seconds,
respectively (nZ 50 in each of the three groups, overall
pZ 0.001). Conversely, the confirmation time was signifi-
cantly shorter in Group 3 than that in Groups 1 and 2, i.e.,
164 seconds versus 261 seconds and 248 seconds, respec-
tively (nZ 48 in each of the three groups, overall
p< 0.001). Three caregivers in each drug group did not
have confirmation times. The intervention and confirmation
times did not differ significantly between Groups 1 and 2 in
post-hoc analysis (pZ 0.538 and 0.831, respectively).
Accordingly, the overall time (intervention time plus
confirmation time) was shorter in Group 3 than that in
Groups 1 and 2, but the latter did not reach statistical
significance, i.e., 281 seconds versus 353 seconds and 334
seconds, respectively (nZ 48 in each of the three groups,
overall pZ 0.013).
3.3. Effectiveness of each intervention on the
caregivers’ knowledge about the study drugs
The accuracy of caregivers’ knowledge about the study
medications was evaluated by the questionnaire consistingTable 4 Multiple linear regression analysis of the score for two
Drug Covariate Estimate o
Augmentin
(nZ 87)
Intercept 11.7931
Group 1 2.9655
Group 2 1.4138
Zithromax
(nZ 57)
Intercept 10.8593
Group 3 1.6923
Patient age (y) 0.2006
Intervention time (s) 0.0072
Confirmation time (s) 0.0039
Caregiver educational level:
senior high school
1.2508
The coefficients of determination (R2) were 0.5613 and 0.5164 for th
tively. Group 1: Package insert; Group 2: Educational sheet; Group 3
included in the regression analysis due to the lack of confirmation timof 12 items. As listed in Table 2, the three intervention
groups differed significantly in the averaged total score of
the questionnaire, i.e., Group 3 (11.72)>Group 2
(10.32)>Group 1 (8.96) (overall p< 0.001). Table 3 reveals
that Group 3 had the highest accuracy rate in each question
among the three intervention groups, followed by Group 2,
and then Group 1. In particular, they differed significantly
in accuracy for the following six questions: (2) reconstitu-
tion step, (3) water volume for reconstitution, (6) storage
temperature of stock powder, (7) shelf life of stock powder,
(10) whether the drug should be taken before or after
a meal (or either), and (12) method and volume for syrup
measurement. The perfect score for the questionnaire was
12. These three intervention groups also differed signifi-
cantly in the proportion of subjects with the perfect score,
i.e., Group 3 (74%)> Group 2 (14%)> Group 1 (2%) (overall
p< 0.001).3.4. Regression analyses of intervention
effectiveness for each study drug
The three caregivers in each drug group who lacked
confirmation times were not included in the regression
analyses. The results of the linear and logistic regression
analyses are listed in Tables 4 and 5, respectively.
In patients receiving Augmentin (nZ 87), the caregivers
of Groups 1 and 2 had significantly lower mean total scores
(2.9655 and 1.4138, respectively) than did those of
Group 3. Also, the caregivers of Group 3 had a statistically
significant higher chance of getting a perfect score (odds
ratioZ 60.123) than did those of Groups 1 and 2, after
adjusting for the effects of intervention time and care-
giver’s education level.
In contrast, among those receiving Zithromax (nZ 57),
the caregivers of Group 3 had a significantly 1.6923 higher
mean total score than Groups 1 and 2, after adjusting for
the effects of patient’s age, intervention time, confirma-
tion time, and caregiver’s educational level. Similarly, the
caregivers of Group 3 had a statistically significant higher
chance of getting a perfect score (odds ratioZ 31.106)
than Groups 1 and 2, after adjusting for the effect of
patient age.different study drugs.
f regression coefficient Standard error p
0.2023 <0.0001
0.2861 <0.0001
0.2861 <0.0001
0.6179 <0.0001
0.4172 0.0002
0.0842 0.0210
0.0037 0.0569
0.0016 0.0156
0.4216 0.0046
e linear regression models of Augmentin and Zithromax, respec-
: Pharmacist education. Three caregivers in each group were not
e.
Table 5 Multiple logistic regression analysis of the perfect score (i.e., scoreZ 12) for two different study drugs.
Drug Covariate Estimate Standard
error
z value p Odds ratio 95% confidence
interval of odds ratio
Augmentin
(nZ 87)
Intercept 6.607 1.677 3.939 <0.001 d d
Group 3 4.096 0.811 5.050 <0.001 60.123 14.370e368.858
Intervention time (s) 0.021 0.011 1.995 0.046 1.021 1.002e1.046
Caregiver educational level:
graduate school
3.553 1.431 2.482 0.013 34.914 2.524e753.008
Caregiver educational level:
university
2.311 1.023 2.260 0.024 10.083 1.584e94.756
Zithromax
(nZ 57)
Intercept 4.583 1.266 3.620 <0.001 d d
Group 3 3.437 0.901 3.814 <0.001 31.106 6.374e241.737
Patient age (y) 0.458 0.208 2.199 0.028 1.581 1.075e2.484
Group 1: Package insert; Group 2: Educational sheet; Group 3: Pharmacist education. Three caregivers in each group were not included
in the regression analysis because they lacked the confirmation time.
Goodness-of-fit assessment: Augmentin: nZ 87, adjusted generalized R2Z 0.674, the estimated area under the receiver operating
characteristic (ROC) curveZ 0.913, and Hosmer and Lemeshow goodness-of-fit F test pZ 0.057> 0.05 (dfZ 9, 77). Zithromax: nZ 57,
adjusted generalized R2Z 0.522, the estimated area under the ROC curveZ 0.903, and Hosmer and Lemeshow goodness-of-fit F test
pZ 0.544> 0.05 (dfZ 9, 47).
Prediction: To calculate the estimated probability of getting a perfect score in the Augmentin group (i.e., the predicted value,bPi) given
the observed covariate values, one can use the following formula. According to the above fitted multiple logistic regression model,
logitðbPiÞZlogðbPi=1 bPiÞZ 6:607þ 4:096 ðGroup 3Þ þ 0:021 ðIntervention timeÞ þ 3:553 ðCaregiver : graduate schoolÞ þ 2:311
ðCaregiver : universityÞ the predicted value of observation i is bPiZ1=1þ exp½ð6:607þ 4:096 ðGroup 3Þ þ 0:021
ðIntervention timeÞ þ 3:553 ðCaregiver : graduate schoolÞþ 2:311 ðCaregiver : universityÞÞ where Group 3Z 1 (Yes) or 0 (No),
Caregiver’s educational level: Graduate schoolZ 1 (Yes) or 0 (No), and Caregiver’s educational level: UniversityZ 1 (Yes) or 0 (No).
A similar formula can be derived to calculate the estimated probability of getting perfect score in the Zithromax group given the
observed covariate values.
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To the best of our knowledge, this is the first study to
assess the effectiveness of different medication educa-
tional interventions regarding caregivers’ knowledge of
pediatric oral liquid antibiotic administration from the dry
powder dosage form. Our findings indicated that more
caregivers were able to accurately understand the drug
information via the in-person pharmacist education and
pharmacist-developed educational sheets with photo-
graphs. The educational sheets alone were less effective
than in-person pharmacist education, but were more
effective than the package inserts in our study. Pharmacist
education helped the caregivers retain more accurate
information than did the educational sheets alone because
pharmacists could provide face-to-face education using
both verbal and nonverbal communication, which may be
clearer and more impressive to the caregivers than
reading medication instructions. Additionally, many
uncontrollable factors, whether environmental (e.g.,
noise made by children or public address system) or
personal (e.g., caregiver’s educational level, impatience
or carelessness in reading the written materials, and rush
to leave the hospital), may decrease the efficacy of the
educational sheets with photographs. The lowest efficacy
seen with the package inserts may be further caused by
the lack of step-by-step pictures and the incomplete
practical information for parents. The use of pictographs
has been documented to enhance recall of spoken medical
instructions, especially in people with low literacy skills.12Usually, package inserts are the most important and the
only source of information for patients and their care-
givers regarding the safety and proper administration of
drugs. However, the drug inserts have been reported to
lack important drug information in Europe and the USA.13
A lack of complete drug information may affect medica-
tion adherence in pediatric patients.14
Most enrolled caregivers were female. This finding
implies that mothers play an important role in medication
administration in pediatric patients in Taiwan. In addition,
our hospital is located in an urban area. Most of the
caregivers in this study were well-educated. Tailoring
medication counseling has been reported to be necessary
and important for limited health literacy groups in order
to increase medication adherence and prevent medication
errors.15,16 Visual cues can enhance the medication
education message.17 From multiple regression analyses,
caregiver’s educational level was also a significant
predictor of learning efficacy. Because only 4% of care-
givers had graduated from junior high or elementary
schools, the impact of status of caregivers’ education on
the outcome was not detected by the regression models.
Interestingly, increased patient age was a positive
predictor of score and getting a perfect score in the
Zithromax group , but not the Augmentin group. One
possible explanation is that older children taking Zithromax
might have been treated previously by other similar
formulations of medication, so parents were more experi-
enced at receiving such complicated information. Between
the two drug groups in our study, there were no significant
differences regarding the baseline characteristics of
Education about oral antibiotic suspension 41patients or caregivers, scores, percentages of perfect
score, and the conformation time (data not shown).
However, the mean intervention time spent in the
Zithromax group was significantly longer than that in
Augmentin group (pZ 0.002, data not shown), which
may indicate the increased complexity of the informa-
tion for Zithromax.
As for each question, caregivers in the pharmacist’s
education group generally had the highest accuracy rate.
This finding may indicate that it is more problematic for
caregivers to understand the steps and water volume for
reconstitution, storage temperature and shelf life of stock
powder, food impact on the drug, and the syrup
measurement by reading package inserts only. These
questions demonstrate the impact of our education
program. Several trials have investigated the accuracy of
oral liquid medication measurement 8,18,19 and found
parental education to be very effective in eliminating
medication dosing errors.8
In a study by Jonville et al, 87% of the medication errors
in pediatric outpatients were made by family members, and
30% were the result of incorrect execution of the
prescription.20 Up to 46.5% of the errors related to wrong
drug dosage or concentration. The study authors concluded
that certain main requirements, such as the specific
formulations and package instructions for children as well
as detailed prescription information provided by physicians
and pharmacists, must be involved in medication error
prevention. In other research surveying adverse drug events
(ADEs) among pediatric outpatients, Kaushal et al found
that 70% of the preventable ADEs were related to parental
drug administration.21 The majority of the ADEs were
caused by penicillin or its derivative. Furthermore,
antibiotic-related gastrointestinal symptoms (e.g., nausea,
vomiting, and diarrhea) were among the most common
types of ADEs. The authors found that 30% of the prevent-
able ADEs might be prevented by more discussion and
better communication between the pharmacists and
parents. In accordance with these studies, our study
showed that pharmacist education, or even well-designed
drug information sheets, significantly improves knowledge
about medication use.
In the USA, antibiotics or other medications that require
reconstitution will be reconstituted when dispensed by
pharmacists. Only on rare occasions are parents/caregivers
provided with detailed instructions on how to reconstitute
medications, e.g., for drugs with a short shelf life.
However, in most Asian countries, for example Taiwan,
where outpatient visits per pharmacist ratio in a hospital is
extremely high, no adequate manpower provides the
reconstitution services for our parents/caregivers. In our
study, the mean overall time spent on each parent in the
pharmacist’s education group was 281.4 seconds, including
education, confirmation and consultation. Whether the
reconstitution service provided by pharmacists shortens the
overall time was not evaluated in our study. However,
a reconstitution service may only save the education time
of the reconstitution steps, but other information (i.e.,
shelf lives, drug food interactions, syrup measurement),
confirmation, and consultation still need to be delivered.
Furthermore, it is difficult to reconstitute every bottle by
pharmacists under the present limited manpower in thehospital pharmacy. In our daily practice, many parents/
caregivers are ex-users of these medications. After being
well educated by a pharmacist once, they will be able to do
the reconstitution themselves correctly for the following
visits. Hence, it is important to demonstrate an effective
education program for the special pediatric medications.
There are several limitations of this study. First, we
only evaluated two drugs, so it may not be possible to
extrapolate the results to other drugs. Second, this single-
center study only included a small proportion of care-
givers, and most of the participants were highly educated.
We were unable to evaluate other caregivers with lower
educational levels or who could not read Chinese, for
whom pharmacist education may be even more valuable.
Third, since the same pharmacist did the education and
confirmation, there might have been bias in favor of Group
3. However, we used the same written questionnaire for
all caregivers, and the pharmacist read out those ques-
tions in a constant way, according to this questionnaire.
Finally, we need to further evaluate the effects of the
education programs on the treatment outcomes and
adverse effects to demonstrate the importance of the
education program.
In conclusion, pharmacist education significantly
increases caregivers’ knowledge about drug use. This
intervention is also the most efficient method to ensure
that caregivers have gained the correct concepts to use the
drug and provide additional consultation. A well-designed
educational sheet containing complete drug information is
also a useful educational tool. To ensure drug effectiveness
and safety, pharmacists should provide active education
using the two aforementioned methods and should not
leave caregivers to read package inserts on their own.
Pharmacist verbal education with photographic material
was more effective in improving caregivers’ knowledge of
oral antibiotic suspensions in pediatrics compared to care-
givers reading the package insert or education sheet.
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